Background. Knowledge of the impact of the gut microbiome on conditions other than Clostridium difficile infection has been rapidly increasing, and the potential usefulness of fecal microbiota transplantation (FMT) in these indications is being explored. The need to exclude donors with an increased risk of these diseases has left uncertainties regarding the cost and feasibility of donor screening. The aim of this study was to compare our experience to other donor-screening programs and report the costs associated with establishing a donor-screening program, for the treatment of metabolic syndrome-related conditions.
Fecal microbiota transplantation (FMT) has been most commonly used to treat recurrent Clostridium difficile infections [1] . The impact of the gut microbiome on many other conditions, and therefore the list of other potential indications for FMT, has been rapidly increasing [2] . Many aspects of human health, such as metabolism, autoimmune disease [3] , and even mental health [4] , are hypothesized to be impacted by the microbiome, and FMTs are undergoing trials to assess their efficacy in many of these conditions [2] .
The concerns regarding potential transmission of pathogenic organisms and thus the need for extensive pretransplant donor-screening have been well known. To our knowledge, there have been no reports of an infectious disease being transmitted through a screened FMT donor, although there has been a report of possible cytomegalovirus transmission in an FMT from a nonscreened donor [5] . However, the actual number of potential transmissible agents screened for has been a subject of practice variation, and recently some authorities have released guidance documents to recommend minimum screening criteria [6] . A small number of clinical exclusion criteria for donation, such as recent antibiotic use, have been used for many years to improve the chances of success in prevention of recurrent C difficile [7] . However, data on the myriad of potential diseases associated with the gut microbiome has steadily increased the number of conditions for which stool donation may carry a risk of transmission. The need to exclude donors with evidence of these conditions or even evidence of being at increased risk of having a microbiome associated with these conditions (such as having a family history of the disease, because the microbiome can be similar among family members that live together [8] ) has left uncertainty regarding the cost and feasibility of donor screening. Therefore, we reviewed our experience in recently establishing a new donor-screening program for FMTs for metabolic syndrome-related diseases and compared it to other groups' screening processes and outcomes.
M A J O R A R T I C L E

METHODS
Donor Recruitment
Potential donors (PDs) were recruited through a hospital workplace, a university monthly newsletter, as well as by word of mouth among staff at St. Joseph's Health Care (a teaching hospital with over 4000 employees, 2000 residents and fellows, 1100 physicians, and 1000 healthcare student placements), Western University (with over 28 000 students, 2400 employees, and 1400 faculty members) and Lawson Health Research Institute (a hospital-based research facility with over 1500 principal investigators, researchers, technicians, support staff, and trainees distributed among 10 sites) in London, Ontario, Canada. Recruitment took place from March 2015 to July 2016. The recruitment materials used listed a small number of the donor screening exclusion criteria including body mass index (BMI) >25, abnormal metabolic profile, recent antibiotic use, family history of diabetes or coronary disease, and any known transmissible agent. Potential donors who expressed interest in being screened contacted the research coordinator to obtain more information on the screening process, to schedule screening, and to provide written informed consent. A list of the full screening procedure and exclusion criteria was provided to PDs before screening was scheduled, and those who believed that they would qualify proceeded to have a full history and examination by a physician.
Donor Screening
PDs' written consents were obtained, and medical histories and examinations were conducted by a physician. A summary of questions asked during the history and exam is detailed in Table  1 . If the PD passed the initial screening criteria, they were subjected to stool, urine, and blood testing for transmissible diseases and other health markers. Donor screening practices of our program are outlined in Table 1 . Laboratory screening was performed as per the Health Canada guidance document "Fecal microbiota therapy used in the treatment of Clostridium difficile infection not responsive to standard therapies" [6] .
In addition to testing for transmissible agents, laboratory screening included screening for metabolic abnormalities (including HbA1C and fasting lipids), celiac disease (using anti-tissue transglutaminase antibodies), liver function tests, and urinalysis. Potential donors were required to have the following: a healthy weight (BMI 18-25), no underlying conditions, a normal metabolic profile (no hypertension, normal fasting lipid profile), no history of injection drug use, no new sexual partners (within the last 3 months), no ongoing or recent use of any prescription or over-the-counter mediations (including antidiarrheal drugs, mineral oil, bismuth, magnesium, or kaolin), a maximum alcohol intake of <10 g/day in women and <20 g/day in men, no recent antibiotic use (within 3 months), and no recent hospitalizations (within 3 months). Sceening also included no personal or family history of the following: diabetes, coronary disease or metabolic disease (hypertension, hyperlipidemia, diabetes, insulin insensitivity, atherosclerosis), or gastrointestinal, liver, or biliary disease (including gastroesophageal reflux, peptic ulcer disease, celiac disease, inflammatory bowel disease, Crohn's disease, ulcerative colitis, microscopic colitis, or motility disorders). Those with previous surgery to the intestine, liver, or gallbladder (except remote appendectomy) were also excluded. Any history of malignancy removed the PD from donation consideration.
Potential donors were screened for the following transmissible agents in blood: human immunodeficiency virus type 1 and 2, human T-cell lymphotropic virus 1 and 2, hepatitis A, hepatitis B, hepatitis C, Helicobacter pylori, syphilis, Stronglyoides, schistosomiasis, amebiasis, cytomegalovirus (immunoglobulin [Ig]M), adenovirus, and Epstein-Barr virus (IgM). Stool was analyzed for the detection of Shigella, Salmonella, Yersinia, Campylobacter, Escherichia coli 0157-H7, Plesiomonas, Aeomonas, Listeria, Shiga toxins, ova, parasites, microsporidia, C difficile, rotavirus, and norovirus. Pharyngeal and rectal swabs were assessed for gonococcal and chlamydia culture, and urine was assessed for the presence of gonorrhea and chlamydia by nucleic acid amplification tests. Nasal and rectal swabs were obtained to detect the presence of methicillin-resistant Staphylococcus aureus, and the rectal swab was also assessed for the presence of vancomycin-resistant enterococci, extended spectrum β-lactamase-producing Enterobacteriaceae, and carbapenem-resistant Enterobacteriaceae. If PDs had a history of travel to endemic areas, additional testing was performed for Chagas disease, malaria, and babesiosis. If PDs traveled to Zika-endemic regions in the last 3 months, they were excluded. There were no PDs that had traveled to endemic areas, and the additional testing was not performed. All laboratory test results were returned within 3 weeks' time, and PDs were asked to not engage in high-risk behavior after their screening took place.
Our donor screening methods were compared to 4 other programs, which have published their full screening methods and acceptance rates to illustrate the inconsistencies in screening PDs (Table 1 ). The acceptance rates of these programs were contrasted with our own to determine what effect expanded screening programs had on overall donor enrollment ( Table 2 ). The cost of the screening program was estimated by itemizing costs with all values given in US dollars (USD).
RESULTS
Potential donors were screened as per the methods mentioned previously. Forty-six PDs were screened in total ( Figure 1 ) including 25 females and 21 males aged 20-73 years (median, 35 years). Of the 46 PDs that were screened, 23 passed the history and examination by a physician. The most common reasons for exclusion included having a BMI >25 and not providing a medical history. Of those 23 participants, 5 passed all blood, urine, stool, and pharyngeal/rectal swab screening. The Paramsothy et al [10] Costello et al [11] Tariq et al [12] most common reasons for excluding PDs after blood and stool testing were positive tests for Blastocystis hominis, Dientamoeba fragilis, and H pylori. Of those 5, 2 were subsequently excluded after they had acute gastroenteritis, and another 2 were excluded because they traveled to tropical countries after screening. One of these PDs also moved out of the region after screening. Therefore, after full screening of 46 potential volunteers, only 1 donor was able to donate on a regular basis for the program. The cost of a full work-up (including history, examination, blood, stool, and urine screening, and administration) at our center was approximately $440 USD per person, and those that were excluded after the history and examination cost $150 USD per person ( Table 3 ). The cost of the history, examination, and administration was based on the fee of a 1-hour doctor's appointment and 3 hours of the research coordinator's time. The costs of laboratory tests performed in hospital were provided by a laboratory manager at St. Joseph's Health Care, London, Ontario, Canada (where the tests were performed) in October 2016. The exchange rate on June 20, 2017 of Canadian to USD (0.75) was used to convert the cost of donor screening to USD. Of the 46 donors who were screened, 23 had the full work-up and 23 were excluded before full screening took place. The total for patients who had full screening was approximately $10 120 USD, and the total for patients with only a doctor's visit was $3450 USD. Eighteen PDs had abnormal laboratory results, and they had a follow-up appointment (Table 3) .
DISCUSSION
The demand for donors for FMTs is increasing. The criteria for donor screening among institutions are inconsistent, and recruitment of donors for FMT clinics and studies can be very difficult. Knowing the total number of people to screen to find a suitable number of donors is helpful when determining how much recruitment will need to be done. This also determines the program feasibility and costs of establishing a program. We found that of 46 volunteers screened, only 5 passed clinical and laboratory screening, and due to subsequent events only 1 of 5 was available for ongoing donation. Of the 4 donors who were successfully screened and passed all of the tests, but subsequently excluded, 2 may be available for donation at a later date after completing repeat screening because the other 2 declined repeat screening. Tariq et al [12] had a similar experience in which approximately half of their accepted donor pool were excluded after passing screening, with 1 donor becoming pregnant, 2 testing positive for Shiga toxin in stool, and 1 opted out of being a donor. It was found that 11% of our PDs screened were eligible to be donors for FMTs. This 11% success rate is comparable to both Kazerouni et al [9] and Paramsothy et al [10] who found that 15.6% and 10.3% of PDs passed the screening process, respectively. OpenBiome, the longest standing international stool bank, currently reports that less than 3% of PDs applying to their program are accepted to be donors [13] . Costello et al [11] found higher rates of success for stool tests (68%) compared to our data and that of others [9, 10, 12] . We found that the most common reasons for exclusion in our cohort were B hominis, D fragilis, and H pylori. Both B hominis and D fragilis were also the leading reasons for exclusion found by Paramsothy et al [10] . Although common problems, the loss of successful PDs to acute gastroenteritis and travel to tropical countries seems to be uncharacteristically high in this pool of PDs. It would be very difficult to prevent these problems from occurring in the future because we have no control over the wide variety of factors that may cause acute gastroenteritis and a donor's vacation plans. None of the PDs had plans for upcoming travel when screened; however, many were University undergraduate or graduate students and last-minute travel was a common phenomenon. If restrictions were placed on donors about where they could travel, donor retention would likely suffer. Kazerouni et al [9] estimated the cost of screening 1 donor for their public stool bank (OpenBiome) to be $885 USD per person. We estimated the cost of this screening program at $440 USD per person in Canada, with the total cost of screening to find 1 viable donor being $15 190 USD. The difference in costs is likely, at least partially, related to a lower cost for medical procedures, laboratory tests, and physician time in Canada than in the United States. For example, the cost of laboratory tests in Canada versus the United States are as follows; ova, cysts and parasites, $21.00 USD versus $138.84 USD; C difficile toxin, $30.00 USD versus $100.09 USD; and hepatitis B virus core antibody IgM, $14.42 USD versus $107.63 USD. (The pricing of Quest Diagnostics laboratory tests was used to provide costs in the United States.) Overall, the cost of the same laboratory testing in Canada versus the United States was approximately $290 and $3770, respectively. There are several tests that were provided free of charge in Canada by the provincial public health laboratory (eg, Gonorrhea, chlamydia, and HTLV 1 and 2), and this was also a contributing factor as to why the price of screening a PD in Canada was significantly lower than in the United States. No cost estimates were publically available for the laboratory tests performed by the provincial public health laboratory.
The 1 donor successfully selected will require ongoing intermittent routine rescreening every 6 months. At present, there is no consensus on the frequency of rescreening nor has it been specified in clinical guidelines [3] . Interim testing varies among programs from every month [11] to 6 months' time. Our experience was that our 1 initially successful donor provided 20 stools before rescreening was required. At the time of this manuscript's final submission, this donor has just developed acute gastroenteritis, and so the program is now on hold. Other common reasons for donor subsequent exclusion could include travel to the tropics, requiring antibiotics, or starting a new sexual relationship. This has now necessitated rescreening a large cohort of new volunteers.
Finally, there is data suggesting that the efficacy of FMT for different diseases with microbiome indications varies by donor characteristics that are difficult to predict. Repeated donations from different donors were required for success in a landmark C difficile therapy study [14] . Furthermore, a particular donor seemed to be especially effective in a study of FMT for ulcerative colitis [15] , but whether the same donor's microbiome would also be ideal for other indications is unknown. We included a wide range of ages (18-65) in PD screening. Although some authorities note that microbiome senescence may lead to lower efficacy with an older donor, the longer a patient has lived without complications, the more likely they may have a healthy microbiome. Ideally, multiple donors would be screened to find ones that are repeatedly successful for different diseases treated by FMT. This would dramatically increase the number of donors required for screening and increase costs to have a stool bank that specializes in treating multiple diseases.
Limitations of this study include that the sample size was small (n = 46), and the reasons for exclusion after PDs passed screening may not be generalizable for other populations, because the rates of acute gastroenteritis and tropical travel in the 5 accepted PDs were unusually high. The cost of screening a PD for FMT is underestimated because the costs of tests from the provincial public health laboratory were not made available, and these tests were performed in Canada where the cost of physician's time and laboratory testing is significantly lower than in the United States. The strengths of this study are that it shows (1) a minimum cost estimate for clinics thinking of using FMTs and establishing their own pool of donors and (2) the difficulties that can be anticipated to establish and maintain a donor pool from a single center without significant funding.
Our data raise the concern regarding the feasibility of individual centers establishing and maintaining FMT donor pools. Reimbursement for FMT is not high enough to counter the costs of screening PDs for programs: for example, in the US, an FMT is reimbursed $76 USD through Medicare. In Ontario, there is no reimbursement whatsoever. Central banks with storage and shipment of frozen samples may be necessary to maintain programs [16] . However, to enable this, full transparency and reporting of all screening protocols will be necessary to enable clinicians and regulators to determine the acceptability and potential efficacy of biobank stools for their clinical context.
CONCLUSIONS
Novel uses for FMTs, as well as new insights on how the microbiome affects human health, have created a demand for stricter exclusion criteria for donors. Anticipating the number of PDs that must be screened to find a suitable donor can help to determine the amount of recruitment that must be done and the funds required to accomplish this. The large number of donors who require screening and the resultant cost may make the establishment of multiple local programs a nonviable goal with central processing and shipment being a more reasonable alternative.
